Many studies have proved that the gallium alloy has excellent physical and mechanical properties5-9), and is not more toxic than amalgam10). On the other hand, the alloy has also been reported to have a relatively low resistance to corrosion11-13).
However, the effect of corrosive environment storage on the mechanical properties of the gallium alloy has not yet been clearly investigated.
Intra-orally functioning dental restorative materials are exposed to the applica- was lower than that of GFII after 1 week storage in Air. The fatigue strength of GLY significantly increased to 49.3MPa after 3 months storage (p<0.05), and did not change until 12 months storage. The fatigue strength after 1 week storage in Saliva was 46.6MPa. The fatigue strength of GLY was significantly higher compared to that stored for 1 week in Air (p<0.05). The fatigue strength of GLY continued to decrease to 40.2MPa after 12 months storage in Saliva, which was higher than that of GFII after 12 months storage in Saliva. Standard deviations of both GFII and GLY became larger with longer immersion period.
Tensile strength of GFII after 1 week storage in Air was 61.3MPa; that of 1 month storage significantly increased (p<0.05) but did not change until 12 months storage, which was 73.2MPa.
The strength after 1 week storage in Saliva was 70.7 MPa which was significantly higher than that after 1 week storage in Air (p<0.05).
Tensile strength of GFII after 1 month storage in Saliva decreased, and continued to significantly decrease until 12 months, at which time it was 48.0MPa (p<0.05). The estimated regression curves for the tensile strength of GFII in Air and Saliva were, Y=47.8+20.8logX-4.2(logX)2, and Y=71.5+2.9logX-4.5(logX)2, respectively; where Y was the strength in MPa and X was the storage period in days. The correlation coefficients of the tensile strength of GFII in Air and Saliva were 0.536 and 0.860, respectively, which were not significant.
Tensile strength of GLY after 1 week storage in Air was 50.7MPa, which was lower than that of GFII. The tensile strength was increased until 12 months storage, 66.6MPa.
The tensile strength after 1 week storage in Saliva was 56.8MPa which was higher than that after 1 week storage in Air; however, the tensile strength of GLY after 1 week storage in Saliva was lower compared to that of GFII after 1 week storage in Saliva. The tensile strength of GLY after 1 month storage in Saliva increased, however, that after 12 months storage, 47.7MPa, significantly decreased (p<0.05).
The rate of tensile strength decrease of GLY was small, therefore, the value after 12 months storage in Saliva was similar to that of GFII. The estimated regression curves for the tensile strength of GLY in Air and Saliva were Y=35.4+22.4 logX-4.2(logX)2, and Y=36.0+34.1logX-11.5(logX)2, respectively; the correlation coefficients of the tensile strength of GLY in Air and Saliva were 0.921 and 0.977 (p<0.01), respectively.
The ratios of fatigue to tensile strength of GFII in Air for 1 week, 3 months, and 12 months were 0.739, 0.774, and 0.676, respectively; those of fatigue to tensile strength of GFII in Saliva for 1 week, 3 months, and 12 months were 0.622, 0.777, and 0.758, respectively. The ratio of fatigue to tensile strength of GLY in Air for 1 week, 3 months, and 12 months were 0.752, 0.794, and 0.768, respectively; those of fatigue to tensile strength of GLY in Saliva for 1 week, 3 months, and 12 months were 0.822, 0.746, and 0.843, respectively.
The fractures in the fatigue and tensile test occurred mostly at the screw end; 374 out of 380 specimens. Almost all fracture origins were estimated at the end of the screw along the first screw thread. The fracture surface of specimens of both alloys stored in Air showed a metallic luster even after 12 months storage; however, those specimens stored in artificial saliva had dark areas on their fracture surface (Fig. 6) . The dark areas of fracture surface became larger with longer immersion period.
The fracture surface showed two obviously different patterns; the fracture pattern in the metallic luster area was relatively regular and smooth, while that in the dark area was relatively irregular. Similar images were observed on both GFII and GLY fracture surfaces, regardless of fatigue or tensile test conducted.
SEM observation of fracture surfaces revealed that there were no obvious differences between fracture surfaces after the fatigue test and those after the tensile test; however, different fracture patterns were recognized between the metallic luster area and the dark area, and between the two gallium alloys. The fracture surface of GFII in the metallic luster area was considered to be the core-reaction zone interface or the matrix-reaction zone interface (Fig. 7a) ; nevertheless, in a few cases, fractures of the core could also be observed. The fracture surfaces of GFII's dark area were mostly in the matrix, and the unfractured core was covered by a layer of fractured matrix (Fig. 7b) . On the other hand, a lot of core fractures were observed on the fracture surface of GLY's metallic luster area, which was similar to fractures of dental amalgam18) (Fig. 8a) ; however, in a few cases, unfractured cores without reaction zone were also observed. The fracture surface of GLY's dark area showed a fragmented matrix and irregularly fractured cores, therefore, it was difficult to distinguish the fractured core from the surrounding matrix (Fig. 8b) . Observation by EDX of the fracture surfaces of both immersed alloy specimens revealed the presence of chemical components of the gallium alloys. However, neither the elements from the screw nor the artificial saliva were detected on the fracture surfaces.
DISCUSSION
The direct tensile test using screw pins has been used for evaluating fatigue and tensile strength of brittle dental materials19-20). The screw inside the specimens directly contacted the gallium alloys, creating a possibility for the occurrence of a local electrode potential cell; this was considered to have accelerated the corrosion process. These situations might cause the corrosion-fatigue phenomena. However, the direct contact of gallium alloy to stainless steel might be regularly encountered in the oral cavity in the application of gallium alloy because dental amalgam is used as a core build up material combined with a prefabricated stainless steel post26).
The presence of water does affect the strength of materials, moreover, the presence of chlorine ion is known to be more aggressive on a metallic surface. However, a minimal amount of chlorine ion was reported to depress the corrosion rate of gallium within 28 days immersion12). Therefore, the specimens were immersed for 12 months to evaluate the corrosion behavior of the gallium alloy.
The fatigue and the tensile strengths of both gallium alloys stored in Air showed a tendency to increase, while those stored in Saliva showed a tendency to decrease, especially after 3-month storage. The setting reaction of gallium alloy was considered more rapid than that of a dental amalgam4,9); however, the compressive strength and hardness of GLY were reported to increase after more than 7 days9). Therefore, the continuous setting reaction of gallium alloy might have caused the increase in the fatigue and tensile strengths after 12 months storage in Air. On the other hand, the fatigue and tensile strengths of gallium alloys decreased after 3-month storage in Saliva. The effect of corrosion might be greater than the effect of the setting reaction, and as a result the strength decreased with longer immersion.
The observation of the fracture surface did not show a distinct difference between specimens after the fatigue test and those after the tensile test. It was difficult to identify the typical signs of fatigue such as striation 27), because the gallium alloy consisted of a cored structure.
Dark areas were found on the surface of Saliva immersed specimens after both fatigue and tensile tests.
These were larger in accordance with increased immersion period. Fig. 9 shows the surface of a specimen after 12 months storage in Saliva, of which the upper half was removed by clamping longitudinally along the screw axis. Observation of this fracture surface revealed a dark area, similar to those observed on fracture surfaces after the fatigue and tensile tests. Other specimens were cut longitudinally along the screw axis, polished and observed by a metallographic microscope (AX70, Olympus, Tokyo, Japan) (Fig. 10) . Fig. 11 
